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^X,Y,Z,T; U1, …, Um`,  

ZKHUHX, Y, Z DUHVSDWLDOFRRUGLQDWHVTWLPHDQGU1, ..., UmDUHYDULDEOHVDWWULEXWHVGHVFULELQJDQREMHFWLQWHUPVRI
VSDWLDODUUDQJHPHQWLWLVQHFHVVDU\WRFRQVLGHUDPRVDLFVWUXFWXUHRIWKHODQGVFDSHGHILQHGDVDV\VWHPRIPDWUL[M
SDGVPiDQGFRUULGRUVKj
^M + σ ௜ܲ௡௜ୀଵ  + σ ܭ௝௠௝ୀଵ `. 
7KH PDWUL[ FRQVLVWV RI WKH ODUJHVW DQG PRVW FRQWLQXRXV FRPSRQHQWV HJ IRUHVWV LQ PRXQWDLQRXV DUHDV VHW RI
FXOWLYDWHGILHOGVLQWKHDJULFXOWXUDOODQGVFDSHRUQHWZRUNWUDIILFOLQHVLQWKHFRQXUEDWLRQ3DGVDQGFRUULGRUVFDQEH
VHSDUDWHGE\QDWXUDORUDUWLILFLDOERUGHU]RQHSRVVLEO\E\JUDGXDOWUDQVLWLRQ]RQH
7KLVKHWHURJHQHRXVPRVDLFZDVIRUPHGRYHUWLPHE\QDWXUDODQGDQWKURSRJHQLFFRQGLWLRQVLQWHUULWRU\7KHEDVLVRI
RXUFRQVLGHUDWLRQVLVWKHFRQFHSWRIODQGVFDSHVWUXFWXUHDVJHRV\VWHPVLHIXQFWLRQDODQGG\QDPLFREMHFWVRIVSDFH
SRVLWLRQ ODQGIRUPV DQG DOO WKHQDWXUDO DQGPDQPDGHPDWHULDO HOHPHQWV RIJHRJUDSKLFDO VSKHUH 7KH ODQGVFDSH
FRQVLVWVRIJHRORJLFDOVXEVWUDWHDQGVRLOIRUPLQJVXEVWUDWHZDWHUV IORUDDQGIDXQDKXPDQFUHDWLRQVDQGSURGXFWV
WRJHWKHUZLWKWKHLUDWWULEXWHVDQGUHODWLRQVKLSV
7KHJHRVFLHQWLILFDQGPRQWDQLVWLFWRXULVPDSSOLHVWRWKHSULPDU\ODQGVFDSHVWUXFWXUHWKHVHFRQGDU\VWUXFWXUHJLYHQ
E\DPRVDLFRIODQGXVHDQGWKHWHUWLDU\VWUXFWXUHLQYROYLQJKXPDQLQWHUHVWV>@$OOWKHVHVWUXFWXUHVDUHDVXEMHFWRI
VSDWLDODQG WHPSRUDOYDULDWLRQVDQGUHODWHGFKDQJHV LQIXQFWLRQ6SDWLDODQGPDWHULDODVSHFW LV LPSRUWDQWZKLFK LV
PDQLIHVWHGLQKLHUDUFKLFDOVWUXFWXUHFRQVHTXHQWO\DVGLYHUVLW\RIFRPSRQHQWVVXFKVWUXFWXUHV
7KHQRWLRQRIGLYHUVLW\ZDVXVHGIRUWKHILUVWWLPHLQWKHELRORJLFDOVFLHQFHV,WLVFOHDUKRZHYHUWKDWWKHVWXG\RI
KHWHURJHQHRXVDUUDQJHPHQWLQJHRVFLHQFHVKDVEHFRPHDQLQWHJUDOSDUWRIWKHWKHRUHWLFDODQGSUDFWLFDOUHVHDUFKVLQFH
WKHEHJLQQLQJRIWKHLUIRUPDWLRQ7KHV\VWHPVWUXFWXUHRIWKHHQYLURQPHQWGSFDQEHGHILQHGLQDJHQHUDOVHQVHE\
WKHH[SUHVVLRQ
   GS fDG, DB, DE       
ZKHUHDGLVJHRGLYHUVLW\DBELRGLYHUVLW\DQGDEVRFLRHFRQRPLFGLYHUVLW\$OOPHQWLRQHGGLYHUVLWLHVDUHFRQQHFWHG
WRJHWKHUZLWKWKHJHRGLYHUVLW\DVWKHEDVLFRQH>@7KHOLQNVEHWZHHQJHRVSKHUHELRVSKHUHDQGWHFKQRVSKHUHZHUH
HPSKDVL]HGE\PDQ\VFLHQWLVWV>@
$OOGLYHUVLWLHVGHSHQGRQDZLGHVSHFWUXPRIHQGRJHQRXVH[RJHQRXVDQGDQWKURSRJHQLFSURFHVVHVWDNLQJSODFHLQ
WKHVSDFHSDQGDWWLPHTLH
    Di fiS,T       
ZKHUH WKH VSDWLDO DQG WHPSRUDO GLPHQVLRQ IRU LQGLYLGXDO GLYHUVLWLHV GLIIHU 7KH ODUJHVW VSDQ EHFRPH LQ FDVH
JHRGLYHUVLW\>)LJ@
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$V DOUHDG\ LQGLFDWHG WKH KDOOPDUN RI QDWXUDO DQG DQWKURSRJHQLF REMHFWV LV WKHLU KLHUDUFKLFDO RUGHULQJ*HQHUDOO\
GHILQHVWKHOHYHORIWRSLFDOFKRULFUHJLRQDOWUDQVUHJLRQDOVXESODQHWDU\FRQWLQHQWDODQGJOREDOSODQHWDU\)LJXUH
 LOOXVWUDWHV WKHJHQHUDOFRQFHSW ,Q WHUPVSUHVHQWHGDQDO\VLVDUH LPSRUWDQW ILUVW WKUHH OHYHOVZKHUHLQEHWZHHQ WKH
ILUVWDQGVHFRQGOHYHOFDQLQVHUWVWDJHSKHQRPHQRQGHVFULELQJSDUWLFXODUO\SURQRXQFHGW\SHVRIHQYLURQPHQW
7KDW DSSURDFK LV FRPPRQO\ XVHG LQ WKH VWXG\ JHRGLYHUVLW\ DQG ELRGLYHUVLW\ ,Q WKH FDVH RI JHRGLYHUVLW\ LV
GHWHUPLQHG JHRWRSH JHRSKHQRPHQRQ JHRFKRUH DQG JHRPH JHRUHJLRQ IRU ELRGLYHUVLW\ ELRWRSH
ELRHFRSKHQRPHQRQ ELRFKRUH DQGELRPH ELRUHJLRQ$QDORJLFDOO\ FDQ DFFHVV WKH DVVHVVPHQW RI VRFLRHFRQRPLF
GLYHUVLW\EHFDXVHKHUHDUHOHYHOVRIORFDOUHJLRQDOVXSUDUHJLRQDODQGJOREDO)URPWKLVVSKHUHLWLVIRUWKHQHHGVRI
PRQWDQLVWLFWRXULVPLPSRUWDQWWHFKQRORJLFDOGLYHUVLW\WKDWZLOOEHIRFXVDWWHQWLRQ
,W LV WKXV FOHDU WKDW IRU WKH WRXULVP QHHGV DUH WR EH DVVHVVHG SKHQRPHQDO DQG VSDWLDO FKDUDFWHULVWLFV RI GLYHUVLW\
EHFDXVHWKHRQO\ZD\WRHDUPDUNWKHREMHFWVWKDWDUHLQWHUHVWLQJIRUVSHFLDOL]HGWRXULVP7KHVHFDQWKHQEHRUJDQL]HG
LQWRDSSURSULDWHKLHUDUFKLFDOVWUXFWXUH

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







)LJXUH*HQHUDOFRQFHSWRIKLHUDUFKLFDOVWUXFWXUHRIQDWXUDODQDQWKURSRJHQLFREMHFWV
'(),1,7,216$1'6758&785(2)',9(56,7,(6
$V DOUHDG\ VWDWHG LQ WKH LQWURGXFWLRQ DQG DV LV GLVFXVVHG LQ GHWDLO LQPDQ\ SDSHUV >@ GLYHUVLW\ LV WKH EDVLV IRU
VHOHFWLRQDQGHYDOXDWLRQRIREMHFWVQHHGVIRUJHRVFLHQFHDQGPRQWDQLVWLFWRXULVP)RUWKLVUHDVRQLWLVQHFHVVDU\WR
GHDOZLWK WKHDQDO\VLVRI WKH VWUXFWXUHRIQDWXUDO DQGDQWKURSRJHQLFGLYHUVLW\ ,W LV WKHUHIRUHDOVRSURYLGHVDEULHI
VXPPDU\RIYLHZVRQWKHKLHUDUFKLFDORUJDQL]DWLRQRIWKHVHGLYHUVLWLHV'XHWRWKHUHODWLYHO\ZLGHVSUHDGXVHGLYLVLRQ
RI JHRGLYHUVLW\ DQG ELRGLYHUVLW\ DUH DOVR JLYHQ RQO\ EULHI GHILQLWLRQV :H DQDO\]HG LQ GHWDLO WKH WHFKQRORJLFDO
GLYHUVLW\ZKLFKLVLPSRUWDQWIRUPRQWDQLVWLFWRXULVP
*HRGLYHUVLW\
*HRGLYHUVLW\ LV WKH WHUP IRUDYDULHW\RI LQDQLPDWHQDWXUH ,W LVEDVLFDOO\D URFNDQGPRUSKRORJLFDOGLYHUVLW\RI D
FHUWDLQ WHUULWRULDO XQLW ,W LV DQ H[SUHVVLRQ RI JHRVFLHQWLILF YDULDELOLW\ IURP LQGLYLGXDO JHRORJLFDO VLWHV URFN
IRUPDWLRQ RXWFURS HWF DIWHU WKH H[WHQVLYH DUHDV VXFK DV JHRSDUNRU QDWLRQDO SDUN*HRWRSH LV VPDOOHVW FRPSOH[
SK\VLRJUDSKLFDQG VLPXOWDQHRXVO\ FDUWRJUDSKLFXQLWZKLFK LV LQ WHUPVRIJHRORJLFDO HQYLURQPHQW UHOLHI VRLO DQG
K\GURORJLFDO FRQGLWLRQV VXEVWDQWLDOO\ KRPRJHQHRXV*HQHUDOO\ LW LV VFLHQWLILFDOO\ DQGJHRWRXULVWLFDOO\ H[FHSWLRQDO
ORFDWLRQZKHUH\RXFDQREVHUYHWKHXQLTXHJHRVFLHQWLILFSKHQRPHQD*HRWRSHLVRIWHQELRWRSHLHORFDWLRQZKLFKLV
LQKDELWHGE\PDQ\ OLYLQJRUJDQLVPV*HRFKRUH LV VHWRIJHRWRSHV LQDFHUWDLQJHRPRUSKRORJLFDO IRUPDWLRQ WKDW LQ
DSSHDUDQFHDQGLQWHUQDOVWUXFWXUHGLIIHUVIURPWKHVXUURXQGLQJDUHDV,WLVDPHGLXPVFDOHXQLWVSDFHZKLFKLVDOVR
UHIHUUHGWRDVWKHJHRJUDSKLFODQGVFDSH*HRUHJLRQJHRPHLVKLJKHUVSDWLDOXQLWZKLFKLVFRPSRVHGRIVHJPHQWV
SUHFHGLQJ GLPHQVLRQV ,W WKHUHIRUH KDV D KHWHURJHQHRXV VWUXFWXUH EXW QHYHUWKHOHVV KDV D FHUWDLQ GHJUHH RI
KRPRJHQHLW\ZKLFKLVGHWHUPLQHGE\WKHVHOHFWHGFRPPRQSDUDPHWHUVXVHGIRUWKHGHILQLWLRQ
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%LRGLYHUVLW\
,QWKHDQDO\VLV>@RIWKHODQGVFDSHKDYHGHILQHGHFRV\VWHPDVDOORUJDQLVPVLQDJLYHQSODFHLQWHUDFWZLWKLQDQLPDWH
HQYLURQPHQW7KHVHUHODWLRQVKLSVDUHPDQLIHVWHGLQKHWHURJHQHRXVDUUDQJHPHQWDODQGVFDSHPRVDLF,WLVFOHDUWKDW
IUDJPHQWDWLRQ RI WKH ODQGVFDSH LV PRUH RU OHVV DIIHFWHG E\ KXPDQ XVH 7R H[SUHVV WKHUHIRUH WKLV XVHV WKH WHUP
ELRGLYHUVLW\ZKLFKGHVFULEHVWKHGLYHUVLW\RIWKHOLYLQJHOHPHQWVRIQDWXUH)RUWKHELRGLYHUVLW\XVXDOO\GLVWLQJXLVK
JHQHWLFJHQHULFDQGHFRV\VWHPOHYHOV)URPWKHSHUVSHFWLYHRIWKLVVWXG\DWWHQWLRQLVIRFXVHGRQWKHODVWRIWKHVHRQ
WKHVWUXFWXUDOQDWXUHRIWKHV\VWHP
%LRWRSHLVDVHWRIDOOELRWLFDQGDELRWLFIDFWRUVWKDWFUHDWHWKHHQYLURQPHQWRIDSDUWLFXODURUJDQLVP6HWRILGHQWLFDO
ELRWRSHVFUHDWHVELRFKRUH,QWHUPVRIODQGVFDSHFKDUDFWHUDVVHVVPHQWLVELRFKRUHWKHEDVLFXQLWRIODQGVFDSHVSKHUH
%LRFKRUHVDUHXVHGLQWHUDOLDDVXQLWVVXLWDEOHIRUODQGVFDSHDQGXUEDQSODQQLQJ%LRJHRJUDSKLFDOUHJLRQELRUHJLRQ
ELRPHLVDQLQGLYLGXDOXQLWRIELRJHRJUDSKLFGLYLVLRQDWWKHUHJLRQDOOHYHO%LRUHJLRQLVLQWULQVLFDOO\KHWHURJHQHRXV
DQGFRQWDLQVDW\SLFDOPRVDLFORZHUXQLWV7\SLFDOO\WKH\LQYROYHYHU\GLIIHUHQWODQGVFDSH
7HFKQRORJLFDOGLYHUVLW\
)RU WKH SXUSRVHV RI DVVHVVPHQW DQG HYDOXDWLRQ RI PRQWDQLVWLF WRXULVP LV LQ P\ YLHZ HVVHQWLDO WR GHILQH WKH
WHFKQRORJLFDO GLYHUVLW\ DV GLYHUVLW\ RI SURGXFWLRQ XQLWV DQG WHFKQRORJLHV LQ VSDFH DQG LQ WLPH ,W LV WKLV GLYHUVLW\
UHVXOWLQJ IURPGHYHORSPHQW QHHGV RI KXPDQLW\ OHG WR D JUDGXDO DQG VWLOO DFFHOHUDWLQJ JURZWK XVH RI QDWXUDO UDZ
PDWHULDOV IURP SULPLWLYH 3DOHROLWKLF WHFKQRORJLHV WR FRQWHPSRUDU\ YHU\ H[WHQVLYH DQG GLIIHUHQWLDWHG OHYHOV IURP
ORFDO PLQLQJ VLWHV DIWHU H[WHQVLYH PLQLQJ DUHD 7HFKQRVSKHUH WKXV VHUYHV WR HQVXUH WKH PRYHPHQW RI QDWXUDO
UHVRXUFHVWKDWKXPDQLW\QHHGVWROLYH>)LJ@
)LJXUH7KHFRQYHUJHQFHRIKXPDQVRFLHWLHVWRKLJKHURUJDQL]DWLRQOHYHOVGXULQJFXOWXUDOHYROXWLRQE\ELIXUFDWLRQV>@DGDSWHG

7KURXJKRXWPDQNLQGKLVWRU\KDVJUDGXDOO\H[SDQGHGXVHRIQDWXUDOUHVRXUFHVERWKELRWLFDQGDELRWLF0DQVWDUWHGWR
LQWHUIHUH LQ WKH JOREDO F\FOHV RI DQ LQFUHDVLQJ QXPEHU RI HOHPHQWV )RU WKH SHULRG IURP WKH ODWH WK FHQWXU\
EHJLQQLQJZLWKWKH,QGXVWULDO5HYROXWLRQZDVGHVLJQHGE\WKHWHUPDQWKURSRFHQH>@&UXFLDOZDVWKHGHYHORSPHQW
RISURGXFWLRQWHFKQRORJLHVZKLFKWRRNSODFHVSDWLDOO\DQGWHPSRUDOO\GLIIHUHQWLDWHG,QSULQFLSOHLQKLVWRU\E\>@
GHILQHGDFFRUGLQJ WR WKHGHYHORSPHQWRIHFRQRPLF OLIHFLYLOL]DWLRQDOZDYHV$IWHUDSHULRGDSSURSULDWHGHFRQRP\
ZDV WKH QHROLWKLF DJULFXOWXUDO UHYROXWLRQZKLFK FRYHUV WKH EHJLQQLQJV RIPLQLQJ DQGPHWDOOXUJ\$ IXQGDPHQWDO
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WUDQVIRUPDWLRQ EURXJKW WKH LQGXVWULDO UHYROXWLRQ ZLWK PDMRU VFLHQWLILF DQG WHFKQRORJLFDO GLVFRYHULHV 6LQFH WKLV
SHULRGZDVUDSLGO\GHYHORSHGWKHH[SORLWDWLRQRIPLQHUDOUDZPDWHULDOVZKLFKUHVXOWHGLQERWKVSDWLDODFTXLVLWLRQRI
PRUHDQGPRUHPLQHUDOUHVRXUFHVDUHDVDQGLQDQXQSUHFHGHQWHGGHYHORSPHQWRIPLQLQJGUHVVLQJDQGPHWDOOXUJLFDO
SURFHVVHV 7KH WKLUG ZDYH ZKLFK LV FKDUDFWHUL]HG E\ WKH GHYHORSPHQW RI LQIRUPDWL]DWLRQ PHDQV EDVLFDOO\ WKH
LQWHQVLILFDWLRQRIKXPDQFUHDWLYLW\>@,WEULQJVXQSUHFHGHQWHGDQGRIWHQXQH[SHFWHGFKDQJHVLQWKHXVHRIQDWXUDO
UHVRXUFHV$PRUHGHWDLOHGEUHDNGRZQSHULRGVLQFHWKHLQGXVWULDOUHYROXWLRQLQORQJZDYHVZLWKDOHQJWKRIWR
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%HVLGHV WKH PHQWLRQHG WLPH GHYHORSPHQW KDV DOZD\V H[LVWHG DQG VWLOO H[LVWV VSDWLDO GLYHUVLW\ )URP WKH YHU\
EHJLQQLQJRIKLVWRU\DSSHDUHGFHQWHUVZKLFKGHYHORSQRWRQO\WKHRUJDQL]DWLRQDOW\SHVRIVRFLHW\EXWHVSHFLDOO\LWV
VFLHQWLILFDQGWHFKQRORJLFDOEDVH7KHVHFHQWHUVZHUHVSDWLDOO\GLIIHUHQWLDWHGDQGRYHUWLPHPRYHG$VLQWKHFDVHRI
JHRGLYHUVLW\DQGELRGLYHUVLW\FDQEHDOVRGHILQHLQ WHFKQRORJLFDOGLYHUVLW\ OHYHOVIURPORFDO WRJOREDO%HVLGHVWKH
GLIIHUHQWOHYHOVRIGHYHORSPHQWRIKXPDQFRPPXQLWLHVWKHVHGLIIHUHQFHVUHVXOWLQVXEVWDQWLDOGHJUHHRIQDWXUDOUDZ
PDWHULDO UHVRXUFHV GLYHUVLW\ SULPDULO\ IURP WKH GLYHUVLW\ DFFXPXODWLRQ RI PLQHUDOV ZKLFK DUH ERWK H[WUHPHO\
XQHYHQO\GLVWULEXWHGERWKXQUHORFDWDEOHDQGH[KDXVWLEOH)URPWKLVSHUVSHFWLYHLWZLOOEHQHFHVVDU\WRGLVWLQJXLVK
ORFDOUHJLRQDODQGVXSUDUHJLRQDOOHYHOHYHQLQWKHFDVHPRQWDQLVWLFVFLHQFHV>7DEOH@/LNHLQWKHFDVHRIJHRDQG
ELRGLYHUVLW\ZKHUHWKHHDUPDUNVLQWHUPHGLDWHVWDJHSKHQRPHQRQLWFDQLQWKLVFDVHWRHVWDEOLVKDVXEUHJLRQDOXQLW
ZKLFKFDQEHGHVFULEHGHJDVDILHOG
,W ZRXOG WKHUHIRUH ZRUWK FRQVLGHULQJ ZKHWKHU LQ WKLV DUHD LW LV DGYLVDEOH WR LQWURGXFH DQDORJRXV FRQFHSWV RI
GLYHUVLW\OHYHOVDVVWDWHGLQWKHFDVHRIJHRDQGELRGLYHUVLW\HJQRWLRQVWHFKQRWRSHWHFKQRFKRUHDQGWHFKQRPH
WHFKQRUHJLRQ,EHOLHYHWKDWVXFKDQDSSURDFKZDVIRUWKHQHHGVRIPRQWDQLVWLFWRXULVPKHOSIXO
 7DE'LYHUVLWLHVKLHUDUFK\LPSRUWDQWIRUJHRVFLHQFHDQGPRQWDQLVWLFWRXULVP
W\SH OHYHO OHYHO OHYHO
JHRGLYHUVLW\ JHRWRSH JHRFKRUH JHRPH
ELRGLYHUVLW\ ELRWRSH ELRFKRUH ELRPH
WHFKQRORJLFDOGLYHUVLW\ WHFKQRWRSH WHFKQRFKRUH WHFKQRPH
,Q WKLV FRQWH[W LW FDQ EH QRWHG WKDW >@ GHILQHG WHFKQRVSKHUH LQ ZKLFK GXH WR GLYHUVLW\ FDQ HDUPDUN
WHFKQRHFRV\VWHPVDQGWHFKQRHFRWRSHV(PSKDVL]HVWKDWWKHJOREDOODQGVFDSHXQLWLVHFRVSKHUHPDGHXSRIELRVSKHUH
DQGWHFKQRVSKHUHZKLOHHFRWRSHVDUHWKHVPDOOHVWGHWDFKHGODQGVFDSHXQLW
)RUKLHUDUFKLFDODUUDQJHPHQWRIPRQWDQLVWLFREMHFWVFDQJLYHDQXPEHURIH[DPSOHVZKLFK LVGRFXPHQWHGE\ WKH
IROORZLQJSDUDJUDSKV
,Q WKH&HQWUDO%RKHPLDQDUHD >)LJ@ OLHV3ĜtEUDPRUHGLVWULFW UHJLRQDO OHYHODVSDUW0ROGDQXELDQPLQHURJHQHWLF
DUHDVXSUDUHJLRQDOOHYHOZKLFKLVGLYLGHGLQWRXUDQLXPSRO\PHWDOOLFDQGLURQRUHILHOGVVXEUHJLRQDOOHYHOZLWK
LQGLYLGXDOGHSRVLWV%ĜH]RYp+RU\%RKXWtQ%\Wt]/HãHWLFHHWFORFDOOHYHO
,Q2VWUDYDWKHUHZDVDPLQH+OXELQDORFDOOHYHOLQ2VWUDYDSDUWLDOEDVLQVXEUHJLRQDOOHYHOZKLFKLVFRPSRQHQW
RIWKH&]HFKSDUWUHJLRQDOOHYHORIWKH8SSHU6LOHVLDQFRDOEDVLQVXSUDUHJLRQDOOHYHO
$VLPLODUDSSURDFKFDQEHFKRVHQIRUPDQ\RWKHUVH[SORLWHGGHSRVLWDUHDV(JLQWKH6WDWHRI0LQDV*HUDLV%UD]LO
LVDVXUIDFHTXDUU\&DXHORFDOOHYHOLQ,WDELUDRUHGLVWULFWVXEUHJLRQDOOHYHOZKLFKLVDSDUWVRFDOOHG4XDGULOiWHUR
)HUUtIHUR,URQTXDGUDQJOHUHJLRQDOOHYHOLQWKHEORFN%HOR+RUL]RQWHDWWKHVRXWKHUQHQGRI6mR)UDQFLVFRFUDWRQ
VXSUDUHJLRQDOOHYHO
,WLVXQGHUVWDQGDEOHWKDWLQDSDUWLFXODUUHJLRQH[LVWDVDUHVXOWRIQDWXUDOHYROXWLRQMRLQWO\XQLWVRIWKHJHRVSKHUHDQG
WKHELRVSKHUHWRDJUHDWHURUOHVVHUGHJUHHLQIOXHQFHGE\KXPDQDFWLYLWLHV(JLQWKH=ODWp+RU\DUHDLQQRUWKZHVW
0RUDYLDWKHUHDUHLQWHUHVWLQJELRWRSHVSHDWERJ0HFKRYiMH]tUNDLQ5HMYt]ODNHVýHUQpDQG=ODWpMH]HURJHRWRSHV
URFNIRUPDWLRQV0QLFKĤYNiPHQ&KODSHFNpNDPHQ\9ČWUQiHWFDQG WHFKQRWRSHVWUDFHVRIKLVWRULFDQGUHFHQW
PLQLQJ DFWLYLWLHV IRU H[DPSOH 6DUNDQGHU %DUERUD 0DULH SRPRFQi 0ČGČQi ãWROD RU 6WDURKRĜt IURP KLVWRULFDO
ZRUNV =ODWp +RU\ HDVW VRXWK DQG ZHVW +RUQLFNp VNiO\ RU äHEUDþND RI PRGHUQ PLQLQJ 7KLV LQFUHDVHV WKH
DWWUDFWLYHQHVVRIWKHDUHDIRUWKHJHRVFLHQWLILFDQGPRQWDQLVWLFWRXULVP
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$YHU\JRRG H[DPSOH RIJHRVFLHQFH DQG WHFKQRORJLFDO FOXVWHU LV DQ DUHD RI/DQGHN+LOO LQ2VWUDYD 3HWĜNRYLFH
ZKLFKKDVEHHQLQVFULEHGLQWRWKHZRUOGKLVWRU\RIJHRORJ\PLQLQJDQGDUFKHRORJ\%HVLGHVWKHXQLTXHJHRORJLFDO
SURILOH RI FDUERQZLWK RXWFURSV RI FRDO VHDPV FRQVLGHUHG D VLWH RI (XURSHDQ LPSRUWDQFH WKHUH KDV EHHQ IRXQG
HYLGHQFH RI WKH ZRUOG
V ILUVW XVH RI EODFN FRDO E\ PDQ EHIRUH  WKRXVDQG \HDUV DJR DGPLUHG YHU\ PRGHUQ
HODERUDWHG WRUVR VR FDOOHG WKH 3HWĜNRYLFH /DQGHN9HQXV IURP WKDW WLPH UHPQDQWV IURP WKH WK FHQWXU\ 6ODYLF
VHWWOHPHQWDQGPHGLHYDOFDVWOH,QWHUHVWLQJJHRWRSHDQGELRWRSHRIKLOOOHGWRGHPDUFDWHHGXFDWLRQDOQDWXUDOVFLHQFH
WUDLO DQG LQ  GHFODUHG D 1DWLRQDO QDWXUH PRQXPHQW &RDO PLQLQJ VLQFH WKH V RI WKH WK FHQWXU\ ZDV
GHYHORSHGDVHYLGHQFHGE\ROGWXQQHOVDQGVKDIWVDQGODWHU$QVHOPPLQHFRPSOH[$OOWKLVOHGWRFRQVWUXFWLRQRI
PLQLQJHGXFDWLRQDOWUDLO3UHFLVHO\LQWKHDUHDWKLVPLQHRULJLQDWHG0LQLQJPXVHXPZLWKPDQ\LQWHUQDODQGH[WHUQDO
H[SRVXUHVH[SRVXUHRIUHVFXHHTXLSPHQWLVXQLTXHFRPSOHPHQWHGE\PLQLQJSXE+DUHQGDZLWKDJDOOHU\%DUERUND
DQGWKH&KDSHORI6W%DUERUD

)LJXUH +LHUDUFKLFDODUUDQJHPHQWRI3ĜtEUDPRUHGLVWULFW,±0LQHURJHQHWLFDUHDVRI WKH%RKHPLDQ0DVVLI>@PRGLILHG0±0ROGDQXELDQ
DUHD%±%RKHPLFXP$UHD6'±6D[RQ7KXULQJLDQDUHD/±/DXVLW]DUHD06±0RUDYLDQ6LOHVLDQDUHD([SODQDWRU\OLQHV±ERXQGDULHVRI
9DULVFDQ%RKHPLDQ0DVVLIEDVLV'HHSIDXOWVVFKHPDWL]HG%RXQGDULHVRIQDSSHVRI:HVWHUQ&DUSDWKLDQV,,±6LPSOLILHGJHRORJLFDOPDS
RI3ĜtEUDPGLVWULFWVKRZLQJWKHWKUHHPDMRURUHILHOGV>@DGMXVWHG,,,±8UDQLXPILHOGVFKHPH>@,9±'HSRVLW%\Wt]YHLQNQRW%W>@

9HU\IDPRXVLVWKHFRQFHQWUDWLRQRIJHRWRSHVELRWRSHVDQGWHFKQRWRSHVDW2EĜtGĤOLQWKH.UNRQRãH0RXQWDLQV,Q
JHRWRSHÒSVNiMiPDLHDJODFLDOFLUTXHRIWURJ2EĜtGĤORFFXUPDQ\LQWHUHVWLQJJHRORJLFDOVWUXFWXUHVDVXSWR
PHWHUVKLJKFOLIIVVWHHSURFN\JRUJHVVWRQHILHOGVDOOXYLDOFRQHVGHEULVIORZVDQGZDWHUIDOOVIURPVSULQJDUHDRI
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ULYHUÒSDDQGFUHHN5XGQêSRWRNXQLTXHELRWRSHVIRUPHGE\PHFKDQLVPRIÒSDULYHUDQHPRRURJUDSKLFV\VWHPLQ
VRFDOOHG.UDNRQRãRYDDQGýHUWRYD]DKUiGND.UDNRQRãDQG'HYLO
VJDUGHQV2QWKHRSSRVLWHVLGHRIWURJXQGHUWKH
KLJKHVW &]HFKPRXQWDLQ 6QČåND DUH WRXULVWLF SDUWLDOO\ DFFHVVLEOH WKH UHPDLQV RI LURQ FRSSHU DQG DUVHQLFPLQLQJ
VLQFHWKWRWKFHQWXU\.RYiUQDZKLFKLVXQLTXHWHFKQRWRSH
6LPLODU H[DPSOHV WKDW FUHDWH H[FHOOHQW SUHFRQGLWLRQV IRU WKH IRUPDWLRQ RI JHRVFLHQFH DQG PRQWDQLVWLF WRXULVP
SURGXFWVFDQEHPHQWLRQHGZKROHUDQJHDQGRIFRXUVHQRWRQO\IURPWKH&]HFK5HSXEOLFDVGHVFULEHGHJ>@

&RQFOXVLRQ
/DQGVFDSH LQ ZKLFK DUH UHDOL]HG DOO KXPDQ DFWLYLWLHV LQFOXGLQJ WRXULVP LV FKDUDFWHUL]HG E\ KHWHURJHQHRXV
JHRORJLFDOELRORJLFDODQGDQWKURSRJHQLFFRQVWUXFWLRQWKDWLVVSDWLDOO\DQGWHPSRUDOO\YDULDEOH:KHQDQDO\VLQJLWLV
WKHUHIRUH QHFHVVDU\ WRGHDO JHRGLYHUVLW\ ELRGLYHUVLW\ DQG VRFLRHFRQRPLFGLYHUVLW\ZKLFK DUH FKDUDFWHUL]HGE\ D
KLHUDUFKLFDOVWUXFWXUH,QWKHFDVHRIELRGLYHUVLW\DQGOHVVRIWHQJHRGLYHULW\LVGHILQHGWRSLFDOFKRULFUHJLRQDODQG
VXSUDUHJLRQDOOHYHOV)RUWKHSXUSRVHVRIWRXULVPRULHQWHGRQWHFKQLFDODUWLIDFWVHVSHFLDOO\LQPRQWDQLVWLFWRXULVP
LWLVXVHIXOWRSURFHHGDQDORJRXVO\ZKHQVWXG\LQJWHFKQRORJLFDOGLYHUVLW\$VLVDSSDUHQWIURPPHQWLRQHGH[DPSOHV
LWFDQDOVREHLQWKLVDUHDVHWDKLHUDUFKLFDOVWUXFWXUHIRUZKLFKOHYHOVDUHSURSRVHGWHUPVWHFKQRWRSHWHFKQRFKRUH
DQG WHFKQRPH ,W LV FHUWDLQO\ QHFHVVDU\ WR UHVSHFW LQQRYDWLYH WUDQVGLVFLSOLQDU\ DSSURDFK LW PHDQV WKH KROLVWLF
FRQFHSWRIWKHODQGVFDSHLQZKLFKWKHDFWLYLW\WDNHVSODFHJHRVFLHQFHDQGPRQWDQLVWLFWRXULVP
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